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CHAPTER I
INTRODUCTION
In recent years phospholipids of foods have received increased
attention, in part because general improvement in techniques has
increased the scope of lipid analysis.

According to Ansell (1964),

analytical techniques are improving at such a rapid pace that in the
near future it should be feasible to compile balance sheets listing
the phospholipid distrib.Ition by classes as well as the fatty acid and
aldehyde patter ns in animal tissues and subcellular fractions.

The uni

versal presence of phospholipids in mammalian cells and tissues (Dawson,
1957) as well as increasing biochemical interest in lipoproteins, which
are at least partially associated with phospholipids (Watts, 1962), has
provided further impetus.
Investigations implicating phospholipids in deteriorative reactions
of food during processing and storage have been reported.

Studies by

Hornstein!!_!!.• (1961), Younathan and Watts (1960), and Lea (1957) indi
cate that the presence of phospholipids increases the susceptibility of
the lipid to oxidation resulting in strongly flavored degradative products
early in the autoxidative process.
The phospholipid fraction of beef lipids has been of particular
interest to previous workers at the University of Tennessee.

Campbell

and Turkki (in preparation) found the phospholipid content to be higher
1
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in cooked than in raw beef whether expressed as per cent of meat or as
per cent of fat.

The drip lipids of the cooked beef patties had a low

concentration of phospholipids.

The higher phospholipid concentration

in the cooked meat than in the raw meat, as well as the low concentra�
tion of phospholipids in the drip, was attributed to the fact that
phospholipids constitute an integral patt of the muscle cells, whereas
the neutral lipids are intercellular.

The neutral lipids therefore

should be given up by the tissue more readily than the phospholipids.
From infrared analysis Campbell and Turkki (in preparation)
obtained indirect evidence that the drip phospholipids from beef and
pork consisted largely of cephalins.

The purpose of the present study

was to elucidate further the effect of cooking on the phospholipid
content of grCllnd beef.

The possibility that a partitioning of phos

pholipids between meat and drip occurs during cooking was of particular
interest.

CHAPTER II
REVIEW OF LITERATURE
Lipid Composition of Raw Muscle
It is well established that adipose tissue contains very little
phospholipid whereas muscles are higher in phospholipid content (Lea,
1962; Deuel, 1957) .

Various factors have been studied in relation to

their effect on muscle phospholipids, including species, muscle location
and activity, and feed (Bloor, 1927; B loor and Snider, 1934;
Kuchmak and Dugan, 1963; Taylor, 1964; Turkki, 1965; Cook, 1963; Nutt,
196 3) .
Results of studies such as those cited above have depended to a
large extent on the basis for expressing phospholipid values.

Phos

pholipid content expressed as per cent of the total lipid varies
considerably, though regularly.

Callow (1962) reported that as the

perce�tage of fat in beef muscle decreased, the relative proportion
of phospholipid increased, a finding that has been confirmed by others
(Taylor, 1964; Turkki, 1965; Campbell and Turkki, in preparation) .
Phospholipid content expressed as per cent of the raw muscle, on
either a wet weight or dry weight basis, has been found to be more
neatly constant than that expressed as per cent of the total lipid.
Phospholipid data expressed on a wet weight basis are more abundant
than those expressed on a dry weight basis.
3

Among the former are those
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of Hornstein et al. (1961) who reported the phospholipid content to
range from 0 . 8 to 1 . 0 per cent in beef muscle and from 0 . 7 to 0 . 9 per
cent in pork muscle.

Kuchmak and Dugan (1963) arrived at 0 . 46-0 . 58 per

·cent as the range of phospholipid concentrations in various muscles of
a pork carcass.

Taylor (1964), studying three muscles of grain and

grass finished beef, obtained phospholipid values ranging from 0.58 to
0 . 69 per cent.

Turkki (1965) in sixteen samples with phospholipid con

tents ranging from 12 to 61 per -cent of the total lipid found a range
of 0.52 to 0.72 per cent phospholipid in the wet muscle .

On the dry

weight basis Taylor's phospholipid values ranged from 2.2 to 2 . 6 per
cent and Turkki's from 2.4 to 3.2 per cent .

In spite of the relatively

small ranges reported for per cent of phospholipid in muscle, differ
ences may be sufficiently consistent to be significant.

In Turkki's

study the average phospholipid content of the extensor muscle, 0 . 59
per cent on the wet weight basis, was significantly different from that
of the psoas major muscle, 0.66 per cent (P

< 0.01).

Phospholipid classes in muscle meats have been investigated in
a few studies.

Hornstein, et al . (1961), who studied muscle lipids by

column chromatography, infrared analysis, and N- and P-analysis, re
ported the phospholipid fraction of beef and pork lipids to consist of
40-45, 40-45, and 10-15 per cent lecithin, cephalins, and sphingomyelin
respectively.

Kuchmak and Dugan (1963) reported the average phospho

lipid composition of a hog carcass to be 61 per cent lecithin, 36 per cent
cephalin, and 3 per cent sphingomyelin, whereas Turkii's corresponding
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average values for raw beef muscles were 62, 30, and 8 per cent.
Muscle phospholipids are considerably less saturated than are
neutral lipids.

According to Ansell and Hawthorne (1964) the fatty

acids of most phospholipids are approximately 50 per cent saturated
and 50 per cent unsaturated, stearic and palmitic being the mos t common
saturates and oleic and linoleic the most common unsaturates.

Ostrander

and Dugan (1962) showed the composition of intramuscular lipids and
adipose tissue lipids of ·beef, veal, pork, and lamb to be decidedly
different with respect to fatty acids, reflecting the presence in
the intramuscular lipids of phospholipids with relatively high contents
of polyunsaturated fatty acids.

Campbell and Turkki (in preparation)

found the phospholipids of beef and pork to be considerably less saturated
than the neutral lipids.
Some information is avai lable concerning the fatty acids in
classes of phospholipids.

Hornstein et al. (196 1) found the combined

lecithin and sphingomyelin of raw beef and pork lipids to be higher
in linoleate and lower in arachidonate than the cephalin fraction.
Total polyunsaturation was higher in cephalins than in the lecithin
sphingomyelin fraction.

Kuchmak and Dugan (1965) analyzed the lecithin,

cephalin, and sphingomyelin fractions of pork muscle phospholipids and
found the cephalins to have a much higher percentage of polyunsat urated
fatty acids than the lecithins.

Bloor (1927) reported that the cephalin

fraction of heart muscle phospholipids of beef was more highly unsaturated
than the lecithin fraction.

6

Effect of Cooking� Muscle Lipids
Most of the work reported on lipid concentrat ions in raw versus
cooked beef has been concerned wit h the ether extractable material.
Paul (1965) reported that cooked muscle tissue had a higher content of
ether extractable material than did the raw muscle.

Hood et al. (1955),

working with low g rade beef, found the fat content to be lower in the
cooked meat than in the raw meat.

Ritchey (1965) reported that on a

dry weight basis the amount of fat was similar for raw and cooked beef
muscles.

With chloroform-methanol extracti on of lipids, the total

lipid concentration has tended to be higher in cooked beef than in raw
beef when expressed as per cent of moist weight; on a dry weig ht basis
lipid concentration has not differed consistently between raw and
cooked beef (Nutt, , 1963; Taylor, 1964; Campbell and Turkki, in prepara�

tion).·

The apparent effect of cooking on the phospholipid content of
meat depends on the method �f\expressing values as well as on the meat
used.

Taylor (1964), working with well-trinmed beef muscles, found no

consistent change in phospholipid with cooking, when expressed as per
cent of total lipid or as per cent of muscle, dry weight basis;
phospholipid expressed as per cent of the muscle, wet weight basis,
increased consistently and considerably with cooking.

Campbell and

Turkki (in preparation), who studied commercially-procured ground beef,
obtained higher phospholipid values for cooked beef than for raw beef
with all three of the above methods of expressing phospholipid concentration.
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· Information concerning the effect of cooking on relative pro
portions of the phospholipid classes in meat lipids is almost entirely
lacking.

Campbell and Turkki (in preparatio n) obtained indirect evidence

based on infrared analysis that drip phospholipid from their beef and
pork samples was higher in cephalins than was the phosphol ipid of raw
or cooked meat.
Some of the work concerned with the effect of cooking on fatty
acids of meat has involved total lipids or glycerides rather than
phospholipids.

Siedler et!!_. (1964) , who studied total lipids of

variety meats, found that cooking had essentially no effect on fatty
acid distribution other than a slight loss of arachidonic and docosa
hexaenoic acids.
Chang and Watts (19 52) compared the fatty acid content of beef,
lamb, pork, and poultry glycerides before and after cooking.

In order

that the cooking losses of each fatty acid might be computed, the fatty
acids in the_ cooked meat and drip were totaled and compared with the
fatty acids of the raw meat.

Only a small loss of the polyunsaturated

fatty acids was found with ordinary methods of cooking.
Giam and Dugan (1965) investigated the fatty acid composition
of "free" and "bound" lipids of beef, pork, and lamb that had been
freeze dried both raw and cooked.

Their "free u and "bound 14 lipid

fractions essentially represent neutral lipids and phospholipids.
reported no significant change attributable to cooking.

They

8

Campbell and Turkki (in preparation) studied the fatty acid.
composition of lipid fractions of raw and cooked beef and pork. and the
corresponding drip.

They found that cooking had no apparent effect on

the fatty acid distribution of neutral lipids or phospholipids of either
meat.

They did find, however, that the drip phospholipids were consider

ably more saturated than were the raw or cooked meat phospholipids.
�ounathan and watts (1960), althou gh they did not study fatty
acids, studied the effect of co oking on the autoxidatio n of neutral
lipids and phospholipids of raw and cooked refrigerated (7 da.) pork.
Autoxidation occurred more rapidly in samples from cooked meats than in
those from raw meats and more rapidly in phospholipids than in neutral
lipids.

The greater susceptibility of the phospholipids than the neutral

lipids to oxidati on was attributed to th e greater unsaturatio n of the
former.

It should be noted that the effect of cooking observed by

Younathan and Watts was not necessarily an innnediate effect but one
occurrin g during storage of the cooked meat.

CHAPTER III
PROCEDURE

\

Meat Samples

Eight boneless roasts of beef chuck, each weighing approximately
2. 5 lb. , were procured from a local market on eight different days over
a three-week period.

Obvious external fat, intermuscular fat, and

connective tissue were removed.

The meat was ground twice in an

electric grinder and mixed thoroughly.
·Cooking of Meat
Four 125-g. samples were weighed from each lot of meat and
shaped with the use of a metal ring having an 8.4 cm. diameter .

The

four patties, on a wire rack over a shallow pan, were cooked on the
rotating hearth of a Despatch electric oven at 177 ° C. to an.internal
temperature of 77 ° C.

After 1 hr. of cooling the cooked patties wer e

ground in a Waring Blendor.
Moisture Determinations
Moisture in the ground cooked meat was determined in triplicate
samples of 3-5 g. each, dried in an air oven for 18 hr. at 110: 1 °
Along with each cooked sample a corresponding raw sample was carried
through the same procedure.
9

c.

10
Extraction Procedure
Lipids were extracted from 50-g. portions of raw and cooked meat
and from the entire drip sample by a slight modificatio n of th e method
of Ostrander and Dugan (1961) as described by Turkki (1965).

During

filtration after the initial chloroform-methanol extraction and after
the chloroform extraction the sample was protected by a stream of
nitrogen.

/

After final rinsing of th e residue with chloroform, the

filtrate was transferred with a small amount of chloroform to a 500-ml.
graduated cylinder and stored under nitrogen in the cold overnight.

On

the following day the volume of chloroform-lipid extract comprising
the bottom layer was recorded and the entire contents of the cylinder
were poured into a 500-ml. separatory funnel.

The chloroform layer

was drained into a 1000-ml. evaporating flask, mixed, and immediately
sampled for quantitation of lipid.
into preweighed 50-ml. beakers.

Two 10-ml. portions were pipetted

Solvent was evaporated first under

the hood and finally in a vacuum desiccator to constant weight.

Per

cent lipid in each sample was calculated according to the following
equation:
per cent lipid =

· .g. 'lipid in total· extract x 100
g. of sample extracted

The remaining lipid extract was concentrated on a rotary evapo
rator until removal of the solvent appeared nearly complete.

After

transfer to a 125-ml. Erlenmeyer flask with chloroform, the sample
was stored under nitrogen at -20 °

c.

until it was fractionated.
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Thin Layer Chromatography
Separation of the phospholipids from the neutral lipids and
fractionation of the former into their major classes were accomplished
by the thin layer chromatographic (T. L. C. ) procedure of Wood and
Kinsel! (1963).

Acid-washed glass plates, 10- x 20-cm. , were coated

with a silica gel G layer approximately 0. 5 mm. thick by means of a
Camag applicator. Four plates at a time were coated with a slurry
prepared from 30 g . of silica gel and 57 ml. of distilled water .
plates were air dried for 10 min., activated in an oven at 120 °

The

c.

for

1 hr., and cooled in a Camag drying rack over silica gel desiccant.

The

plates were s��n the same container and used within 48 hr.
A lipid sample containing approximat ely 7-12 mg./ml. of lipid was
applied to a plate with a microliter syringe, 10 �1. at a time, 4-6
times per spot, depending on the P concentration of the sample.

Four

spots were applied to each plate, two on each side of a central area
from which blanks were to

be

taken.

The solvent mixture of chloroform-methanol-water in the ratio of
_80:35:4 (v:v:v) was placed in the developing chamber 1 hr. before the
plate was ready in order to allow for saturation of the chamber.
ment required approximately 90 min.

Develop

The plates were air dried until

opaque, approximately 3 min. , and then sprayed with O. p04 per cent aqueous
fluoresceitL· In the case of the drip lipids, it was also necessary to
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spray the plates with Dragendorf reagent. *
in Figure 1.

Separation occurred as shown

The phospholipid classes were identified by comparison of

the plates with photographs of plates developed with the same solvent
system (Turkki, 1965).

In addition, plates were spotted periodically

with a commercial phospholipid preparation.
The sample spots, observed under a short wave ultraviolet lamp,
were marked off and scr aped from the plate with the straight edge of
a narrow stainless steel spatula into micro-Kjeldahl flasks.

Two

cephalin spots were removed separately for analysis, as were two lecithin
spots; for sphingomyelin it was necessary to remove two samples of two
spots each.

Corresponding silica gel blanks also were transferred into

micro-Kjeldahl flasks.
Phosphorus Determination
The method of P analysis used for estimation of the phospholipids
was that of Bartlett (1959) as modified by Marinetti (1962).
washed glassware was used throughout the analysis.

Acid

A standard curve was

prepared from varying concentrations of monobasic potassium phosphate. **
A linear relationship was fou nd between 1 and 6 pg. of P.
*Reagent was prepared by mixing 20 ml . of solution I (1. 7 g.
basic bismuth nitrate in 100 ml. of 20 per cent glacial acetic acid)
with 5 ml. of solution II (40 g. potassium iodide in 100 ml. distilled
water) and 70 ml. of distilled water. The reagent was freshly prepared
every 5 days (Wagner, et�-, 1961).
**For the stock standard solution 4. 39 33 g. of KH 2P0 4 were made
to 1 1. with distilled water. For the working standard 5 ml. of the
stock so1ution were diluted to 1 1. with distilled water.
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Figure 1. Separation of lipid fractions by thin layer chroma
tography. (From top to bottom: 1, solvent front; 2, glyceride; 3,
cephalin; 4, lecithin; 5, sphingomyelin; 6, lysolecithin; and 7, origin.)
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For each lipid sample of cooked and raw meat and of drip, dupli
cate samples of the three phospholipid classes studied, their respective
silica gel blanks, duplicate total lipid samples, and a standard were
analyzed at a time .

Two glass beads and 1. 2 ml . of 70 per cent perchloric

acid were added to each micro-Kjeldahl flask and digestion was carried
out for 1 hr . on a micro-Kjeldahl digestion rack.

The flasks were cooled

to room temperature and 7 ml. of distilled water were added carefully
to wash down particles of silica gel.
cent annnonium molybdate were added.

To each flask l.5·rnl . of 2. 5 per
The flask contents were mixed

thoroughly and 0. 2 ml- of Fiske-Subba Row reagent* were added immediately.
For color development the flasks were placed in boiling water for
exactly 7 min. and al lowed to cool for 10 min . during which time the
mixture was poured into 15-ml . conical centrifuge· tubes o
were centrifuged for 10 min. at approximately 1000 x G.

The contents
The solution

was decanted from the silica gel into cuvettes for reading of absorbance
in a Bausch and Lomb Spectronic 20 spectrophotometer at a wave length
of 830 mµ.

The instrument was zeroed with distilled water .

The absorbance readings for the sample duplicates were averaged
and corrected with the appropriate silica gel blank readings.

The

reading for the standard always fell on the standard curve; thus the P
contents of the samples were read directly from the standard curve .
*The reagent was prepared by adding 0. 5 g. of purified 1-amino- 2naphthol-4-sulfonic acid to 2.00 ml. of freshly prepared 15 per cent
sodium bisulfite (anhydrous) , followed by 1 . 0 g. of anhydrous sodium
sulfite. The solution was filtered, stored in a dark bottle, and
freshly prepared weekly.
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Conversion of P data to phospholipid data was accomplished through
division by 0. 04 on the assumption that phospholipids contain 4 per cent
P.

The values obtained for the total lipid samples were used in

calculating total phospholipid concentrations in the extracted lipid.
.Proportions of the three major phospholipid classes were calculated
as percentages of the recovered phospholipids.
Preparation of Samples for Gas Liquid Chromatography
As the data on the phospholipid classes accumulated it seemed
apparent that information on fatty acid composition of the classes
would be of interest.

Because of sample size limitations, especially

of the drip lipids, in order to obtain any such data it was necessary
to pool the lipid extracts of the raw meat samples as well as those
of the cooked meat and those of the drip samples.

For each of the

three pools it also was necessary to obtain a sample sufficiently con
centrated in phospholipid for T. L. C. isolation of adequate amounts of
phospholipid classes.

This was accomplished by removal of the major

portion of th e non-phosphorus lipid by a slurry method described by
Murty et

!l·

(1960).

The entire pool of the drip lipid extract and amou nts of the raw
and cooked meat lipid pools containing approximately 2 g. lipid each
were slurried with silicic acid and additional chloroform.

After centri

fugation the chloroform, containing the non-phosphorus lipid, was
decanted and discarded.
form.

The silicic acid was washed twice with chloro

Finally the phospholipids were removed from the silicic acid with
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methanol and the methanol extract was concentrated for applicatio n to
T. L.

c.

plates.

The details of the procedure were essentially those

described by Taylor (1964) except that in this study the slurrying was
done in 250-ml. centrifuge bottles rather than in Erlenmeyer flasks
and silicic acid was removed from the slurry by centrifugation rather
than by filtration.

The phospholipids obtained from the three pools

were spotted on T. L. C. plates, which then were developed and visu�
alized as described previously.

The silica gel containing each of the

three major phospholipid classes was scraped directly into a small
column having a sintered disc.

The phospholipid was eluted with 10 ml.

of chloroform-methanol-water (80:35:5, v:v:v) according to the method
of Wood� al. (1964) directly into a 30-ml. s�paratory funnel contain
ing anhydrous sodium sulfate.
with 10 ml. of methanol.

The silica gel in the column was rinsed

The combined eluates were drained from the

separatory funnel and evaporated in 125-ml. standard taper Erlenmeyer
flasks on a rotary evaporator.
For preparation of methyl esters each evaporated sample was trans
ferred with 5 ml. of the 1. 1 N. hydrochloric acid-methanol methylating
mixture to a 15-ml. centrifuge tube, covered with a marble, and refluxed
in a 70-75 ° C. water bath 1.5 hr. for the cephalin and lecithin and
6 hr. for th e sphingomyelin. After cooling the contents of each tube were
transferred quantitatively to a 30-ml. separatory funnel for extraction
with petroleum ether, washing with water, and drying with anhydrous
sodium sulfate as described in detail by Taylor (1964) .

The dried
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extract was drained into a 15-ml. centrifuge tube, which then was
flushed with nitrogen and stoppered. The methyl esters were stored
at -20 ° C. until analyzed by gas liquid chromatography.
Gas Liquid Chromatography
The fatty acid contents of the lecithin, cephalin, and sphin
gomyelin fractions of the raw and cooked meat lipids and of the drip
lipids were determined by gas liquid chromatographic (G. L. C.) analysis
of the methyl esters.

A Barber Colman gas liquid chromatograph, model

61C, equipped with an argon ionization detector with a radium source
was used.

The 7-ft. column of coiled quarter-inch aluminum tubing was

packed with 13 per cent diethylene glycol succinate polyester on 80-100
mesh Gas Chrom P.* The following operating conditions were used:

column

temperature, 174 ° C.; flash heat temperature, 221 ° C.; cell and split
temperature, 208 ° C.; cell voltage, 900; and gas pressure 15 p. s. i.
For G. L. C. analysis the methyl esters in petroleum ether were
brought to room temperature, evaporated under nitrogen, and diluted
with

approximately

10 J11. of hexane.

Practica_lly all of each sample

was used to produce two measurable chromatograms.

Identification of

the fatty acids was achieved by comparison with standard mixtures.
Peak "areas" representing fatty acids present were obtained by
multiplying the height of each peak by the width at half-height.

The

following equation was used to calculate the percentage of a specific

*Applied Science Laboratories, Inc.
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fatty acid in a sample:
Per cent fatty acid in sample

=

"area" of peak x 100
total "area" under all
peaks in chromatogram

Statistical Analysis
The t-test for paired comparisons (Steel and Torrie, 1960) was
used to compare the means for raw and cooked meat lipids and for cooked
meat and drip lipids.

CHAPTER IV
RESULTS AND DISCUSSION
The lipid content of raw and cooked meat and corresponding drip
is shown in Table I.

On a wet weight basis the difference in fat con

tent of the raw and cooked beef samples, averaging 3.1 and 4.1 per cent
respectively, was significant'.(P< 0.001). Nutt (1963), Taylor (1964),
Campbell and Turkki (in preparation) reported an increase in per cent
lipid when values were expressed on a wet weight basis.
On a dry weight basis there was essentially no difference in the
average lipid content of the raw meat, 12.2 per cent, and th e cooked
meat, 12.1 per cent.

Apparently little fat was lost during cooking.

Taylor (1964), working with beef muscles trimmed similarly to those
used in this study, also found the lipid content on a dry weight basis
to be nearly identical for raw and cooked meat.

Lowe and Kastelic

(1961) reported no significant difference on a dry weight basis in the
fat content of raw and cooked beef.

Campbell and Turkki (in preparation)

reported higher fat values as per cent of dry weight in cooked beef
than in raw beef.
The ava5asa lipid content of the drip, averaged 0.8 � 0.4 per
cent.

The lipid found· in the drip accounted on the average for only

0.6 per cent of the total lipid of the raw meat, substantiating the
small fat: loss indicated by the dry weight data for lipids of raw and
cooked beef.
19
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TABLE I
PER CENT L IPID EXTRACTED FROM RAW AND COOKED BEEF AND
CORRESPONDING DRIP

Wet Weisht Basis
Drip
Cooked
R aw

Lot

Dri Weight Basisa
Cooked
R aw

A

3.4

5.1

0.9

12.8

13.3

B

2.5

3.6

1.6

10.0

10.9

C

2.8

3.6

1.2

11.4

11.8

D

3.9

4.4

0.4

14. 2

12.1

E

3.2

4.0

0.7

12.6

12.1

F

3.3

4.8

0.6

13.4

14.5

G

2.8

3.1

0.9

10.3

9.9

H

3.3

4.1

0.5

12.9

12. 5

Mean

3.1

4.1

0.8

12.2

12.1

Std. dev.

0.44

0.66

0.4

1.5

1.4

Signif. of
difference
8

P< 0.001

Based on moistu re values presented in Table V, Appendix.
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The relationship between the percentage of lipid in the raw
meat and the concentration of phospholipid in the extracted lipid is
shown in Figure 2.

The original scatter diagram was prepared by

Turkki (1965 ) to show that with sixteen samples varying cons iderably
in degree of fatness, the relationship between per cent total lipid
and per cent phospholipid was curvilinear.

Data from the present study

have been plotted and ar e seen to fall on the curvilinear line between
Turkki's values for a very lean muscle and for a less lean muscle.
In Table II the concentrations of phospholipid in the raw and
cooked beef and corresponding drip are compared.

The average phos

pholipid contents of raw and cooked meat did not differ significantl y,
whether expressed as per cent of fat or as per cent of meat.
The phospholipid values expressed as per cent ·of th e fat are
similar in magnitude to those of Taylor (1964) who also worked wit h
lean beef and who also found no change with cooking.

Campbell and

Turkki (in preparation) in beef containing higher fat levels found a
much lower proportion of phospholipids, approximately 4 per cent in
raw meat lipid as compared with 21 per cent in this study.

Campbell

and Turkki in addition found a higher proportion of phospholipid in
cooked than in raw beef muscles.
When expressed as per cent of neat on the wet weight basis the
phospholipid content averaged 0. 6 per cent for the raw meat and 0. 9 per
cent for the cooked meat.

The difference although consistent was small

and not statistically significant.

These averages for phospholipid
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Figure 2. The relationship between lipid concentration in meat
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TABLE II
PER CENT PHOSPHOLIPIDa IN LIPID EXTRACTED FROM RAW AND
COOKED BEEF AND CDRRESPONDING DRIP

Per cent of
ext r acted liJ2id
DriJ2

Per cent of meat
Dr:r Wei�ht
Wet Wei�ht
Raw
Raw
Cooked
Cooked

18. 6

8.0

0.7

1.0

2.6

2.5

20.8

25. 6

5.2

0.5

0.9

2.1

2.8

C

25.�

22. 6

5.7

0.7

0.8

2.9

2.7

D

18.8

17.6

12. 1

0.7

0.8

2.7

2.1

E

20.2

17.8

7.7

0.6

0.7

2.5

2.2

F

17.9

17.5

8.3

0. 6

0.8

2.4

2.5

G

26.5

2 6.9

12.7

0.7

0.8

2.7

2.7

H

21.4

18.5

15.2

0.7

0.8

2.8

2.3

Me a n

21.4

20. 6

9.4

0.6

0.9

2. 6

2.5

3.0

3.8

3.6

0.1

0.1

0.2

0.2

Lot

Raw

Cooked

A

20.0

B

Std. dev.
a

P/0.04.
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content are similar to those of Taylor (1964) and of Campbell and
Turkki (in preparation) both in general magnitude and with respect to
the apparent increase with cooking.
On a dry weight b�sis the phospholipid contents averaged 2. 6 and
2. 5 per cent for raw and cooked meat respectively.
neither consistent nor statistically significant.

The differen ce was
The averages were

similar to those obtained for lean beef by Taylor (1964) who also found
no consistent difference between the raw and cooked samples on a dry
weight basis.

Campbell and Turkki (in preparation), on the other han d,

found a consistently and appreciably higher phospholipid concentration
in cooked meat than in raw meat .
The average phospholipid content of the drip lipid was 9. 4 per
cent.

Considering the small amounts of drip obtained, as well as the

low fat content of the drip, this percentage represents a small amount
of phospholipid.

It is, however, a much larger amount of drip phos

pholipid than the 0. 8 per cent concentration found by Campbell and
Turkki (in preparation) in the drip lipid of th eir beef samples.
The data of this stu dy and others cited above indicate that the
apparent effect� cooking on the phospholipid content of beef depends
on the meat used as well as on the method of expressing the values.

It

seems possible to generalize that cooking very lean beef can be expected
to result in cooked meat in which phospholipid content is si milar to
that of the raw meat if phospholipid is expressed either as per cent of
total lipid or as per cent of dry weight of muscle.

The results of this
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study as well as those of Taylor (1964) are examples.

On the other hand,

meat with a higher fat content and a larger proportion of neutral lipid
can be expected to lose proportionately more neutral lipid than phos
pholi�id during cooking.

In this case phospholipid concentration will

be higher in the co oked than in the raw meat whether expre ssed as per
cent of the total lipid or as per cent of dry weight of meat.

The data

of Campbell and Turkki (in preparation) illustrate the above point.
The consistency with which phospholipid concentration as per cent of
wet weight of meat has appeared to increase regardless of total fat
content may be attributable simply to the loss of moisture with cooking.
If the above generalizations are correct it should be possible
to state further that th� drip lipid from very lean meat will contain
a higher proportion of phospholipid than will that from less lean meat.
This is confirmed by the previously made comparison (p. 24) of the
findings of the present study with those of Campbell and Turkki (in
preparation).
The per cent distribution of phospholipids anong the three maj or
classes is shown in Table III.

The raw meat mean values of 60. 1, 32.7,

and 7;2 per cent for lecithin, cephalin, and sphingomyelin respectively
are similar to the corresponding averages 62. 0, 30. 2, and 7.8 per cent
reported by Turkki ( 1965) for two beef muscles.

The d ata presented

here do not differ greatly from the 6 1, 36, and 3 per cent distribution
reported by Kuchmak and Dugal\ (1965) for the respe ctive phospholipid
classes in pork but are quite different from the 40-45, 40-45, and 10-15
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TABLE III
PER CENT DISTRIBUTION OF PHOSPHOLIPIDa MONG LECITHIN, CEPHALIN,.
AND S�INGOMYELIN IN RAW AND COOKED BEEF AND
CORRESPONDING DRIP

Lecithin
Cooked Drip Raw

ce2halin
Cooked Drip

SJ.?hin�omielin
Cooked Drip

Lot

Raw

A

69.9

63.3

44.4

24.7

23.2

46.3

5.4

13.5

9.3

B

58.8

63 .. 3

40.0

33.0

26.2

50.0

8.2

10.5

10.0

C

53.6

67.1

40.0

38.3

26.2

50.0

8.1

6.7

10.0

D

5 7. 1

61.2·

40.7

35. 7

33.9

46.9

7.2

4.8

12.3

E

60.5

55.9

43.0

3 1.6

27 .1·

47.5

7.8

16.9

9.5

F

62.6

55.5

43.2 ·31.0

31.5

4 7.2

6.5

13.0

9.6

G

57.4

62.3

43. 7

3 6.0

30.9

47.1

6.5

6. 7

9.2

H

60. 6

56.0

37.0

3 1.3

29.2

52.0

8.0

14.9

1 1.0

Mean

60. 1

60.6

4 1.5

32.?

28,5

48.4

7.2

10.9

10. 1

4.8

4.3

2.5

4.2

. • 3.5

2.0

LO

4.4

1.0

Std. dev.
Signif. of
difference

a P/0.04.

P <O .00 1

•

PC::: 0.05

4"

P<0.001

Raw
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per cent ranges observed by Hornstein et al. (1961) for both beef and
pork.
With the cooking of the meat the lecithin and sphingomyelin
concentrations did not change consistently.

The cephalins of cooked

meat represented 28. 5 per cent of the phospholipid as compared with
32. 7 per cent of the raw meat.

The difference in cephalins, although

rather small, was consistent and statistically significant (P<O .05).
When concentratio ns of the phospholipid classes were calculated on the
basis of dry weight of meat the cephalin concentration of th e cooked meat
was found to be 17 per cent less than that of the raw meat.

Lecithin

concentration was only 3 per cent lower and sphingomyelin concentration
was 42 per cent higher in cooked than in raw meat.
In the corresponding drip lipid the average per cent of sphin
gomyelin was very similar to that of cooked meat.

The lecithin concen

tration, however, was low in the drip averaging 41.5 per cent as com
pared with 60.6 per cent in the cooked meat.

A corresponding inverse

difference is seen in the cephalin concentration of 48. 4 per cent in
the drip lipid as compared with 28. 5 per cent in the cooked meat.

The

differences in the lecithin concentrations and in the cephalin concentra
tions between the cooked meat and corresponding drip were very hig hly

significant (P < 0.001).

The relatively high concentration of cephalins in the drip
phospholipid supports the limited evidence of Campbell and Turkki (in
preparation) that some partitioning of phospholipid classes between

---
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raw and cooked meat may occur .

If the cephalins are lost into the drip

more readily than are other phospholipids, the reason is not yet apparent.·
Biochemists currently are interested in functions of sp ecific phospho
lipids at the cellular and subcellular levels.

Perhaps this as well

as other changes brought about in foods by cooking will be found to be
related to biochemical functions.
The fatty acid distributions in the thr ee phospholipid classes
of the raw and cooked beef and corresponding drip are presented in
Table IV.

Because of the necessity of pooling the samples in· order to

obtain sufficient concentrations of phospholipid classes each value
represents an average of results from two chromatograms of a single
pooled sample.
Saturation of th e fatty acids of the three phospholipid classes
was characteristic of each.

The cephalin fraction was the least

saturated, containing the highest average level of polyunsaturates and
the lowest concentration of saturates.

The sphingomyelin fraction was

most saturated; if unsaturated fatty acids were present their concentra
tions were too small for detection.

Lecithin was similar to the cephalin

fraction in monoene content bu� higher in saturates and corr�spondingly
lower in dien& concentration.
In several previous studies the cephalin fraction has been reported
to be the most highly unsaturated phospholipid class in muscle lipids
(Hornstein et al. , 1961; Bloor, 1927; Kuchmak and Dugan, 1965) .
was the only polyunsaturate detected in this study.

Linoleate

Kuchmak and Dugan

TABLE IV
FATTY ACID COMPOSITION OF LECITIUN, CEPHALIN, AND SPHINOOMYELIN OF RAW AND COOKED BEEF AND
CORRESPONDING DRIP (PER CENT OF 'IOTAL FAITY ACIDS)

Fatty Acidsa
12:0

14:0

16:0

16:1

18:0

18:1

18:2

Total
Saturates

Total
Monoenes

Total
Pol_lunsaturates

5. 9
1.4
2. 5

10. 4
4. 8
5. 3

44. 8
49. 2
50. 4

5.4
4. 6
2. 6

9. 6
5. 6
9.0

17. 8
20. 0
20. 3

6. 1
14. 4
9. 8

70. 7
61. 0
67. 2

23. 2
24. 6
22. 9

6. 1
14. 4
9. 8

3.3
3. 6
4. 0

10. 3
9. 6
6. 0

27. 4
26.2
53. 3

6. 6
3. 6
4. 9

5. 9
16. 7
6. 6

20. 3
22. 4
21. 6

26. 3
17. 9
3. 5

46. 9
56. 1
69. 9

26. 9
26.0
26. 5

26. 3
17. 9
3. 5

5. 7
19.3
5. 5

20. 8
20. 5
6. 6

51. 4
53.0
54. 5

Lecithin
Raw
Cooked
Drip
Ce,ehalin
Raw
Cooked
Drip
S2hinsomx:elin
Raw
Cooked
Drip

-

22. 2
7. 2
33. 3

aNumber of carbons:number of double bonds.

100. 1
100. 0
99. 9
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(1965) reported linoleic acid to be the primary unsaturated fatty acid
in raw meat.
The primary effect of co oking on fatty acids of the phospholipid
classes appears to have been loss of linoleate in the cephalin fraction.
Concentrations of saturates in the cooked meat and drip were correspond
ingly higher than in the raw meat.
The apparent increase in linoleate in the lecithin fraction dur
ing cooking should be noted but cannot be explained.

Campbell and

Turkki (in preparatio n) observed an apparent increase in linoleate con
centration in t he total phospholipid fraction when pork was cooked.

The

fatty acid data of both the present study and that of Campbell an d Turkki
are limited and further study should be made of this aspect of th e effect
of cooking on meat lipids.

CHAPTER V
. SUMMARY

The effect of cooking on the phospho lipid content of l ean ground
beef was studied .

Phospholipids were separated from the neutral lipids

and fractionated into three major cl asses by thin layer chromatography.
Phosphorus · analysis of the total lipid and the le cithin, cephal in, and
sphingomyel in fractions of the phospho lipid was used as an index to
phospholipid conc entrat ion.

Fatty acid content of the three fractions

was determined by gas l iquid chromatography.
The apparent effect of cooking on the phospho lipid content of
beef depended on the method of expressing the values.

If expressed as

per cent of tota l lipid or as per cent of dry weight of meat, the
phospho l ipid contents of the raw and co oked meats were similar.

As per

cent of wet w�i ght the phospholipid content of the cooked meat was high er
than that of the raw meat.

Only a smal l amount of phospholipid was lost

into the drip.
The co oked meat lipid had a significantly lower cephalin concen-· ·
trati�n than did the raw meat.

In comparison with the cooked meat l ipid

the corresponding drip lipid had a significantly higher cephalin content
and a significantly lower l ecithin content.

The re latively high concen

tration of cephalin in the drip lipid provides evidence of some partition
ing of phospholipid classes between meat and drip during cooking.
31

In
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cepha l in , the most unsaturated phosphol ipid f racti on of the raw meat ,
consider able l inoleic ac id was lost dur ing co oking ; other wise there
apparent ly was l i ttle change in fat ty ac id distr ibutions within the
pho sphol ip id frac tions .
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TABLE V
PER CENT IDISTURE IN RAW AND COOKED BE EF SAMPLES

Lot

Raw

Cooked

A

73. 5

61. 7

B

74. 9

67. 1

C

75. 5

69. 5

D

72. 5

63. 8

E

74. 6

67. 0

F

75. 3

67. 0

G

72. 7

68. 8

H

74. 4

67. 3

Mean

74. 2

66. 5

1. 2

· 2 .-6

Std. dev.

